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(57) Abstract 

Technical problem Have five lens groups as a whole, rather than a variable power system, 
perform a focus by the back lens group, make the whole lens system small, and obtain the wide 
angle zoom lens of the rear focus type of an extensive field angle and a high variable power 
ratio. 

Means for Solution The 2nd group of the negative refractive power which moves to order in 
connection with the 1st group of forward refractive power, and variable power from a body side. 
It has at least one lens group containing an aperture diaphragm and the lens group which 
moveis in the case of a focus, the time of this 1st group consisting of the 11th group of negative 
refractive power, and the 12th group of forward refractive power, and setting paraxial lateral 
magnification of this 12th group at the time of an infinite distance body to beta 12 -2.5 — < ~ 
beta 12 - < -0.55 - satisfy conditions. 



Claim(s) 

Claim 1 The 2nd group of the negative refractive power which moves to order in connection 
with the 1st group of forward refractive power, and variable power from a body side. It has at 
least one lens group containing an aperture diaphragm and the lens group which moves in the 
case of a focus, the time of this 1st group consisting of the 11th group of negative refractive 
power, and the 12th group of forward refractive power, and setting paraxial lateral 
magnification of this 12th group at the time of an infinite distance body to beta 12 -2.5 — < — 
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satisfying conditions. 

Claim 2 The wide angle zoonn lens of the rear focus type of claim 1 characterized by satisfying 
the conditions which become 0.25<Da/DLl<0.5 when Da and the lens overall length of said 1st 
group are set to DLl for spacing of said 11th group and 12th group. 

Claim 3 A convex positive lens and both the convex lens side are the wide angle zoom lens of 
claim 1 to which said 11th group consists of the negative lens of the shape of a meniscus which 
turned the convex to the body side, and said 12th group is characterized by both the lens side 
consisting of the convex positive lens, or the rear focus type of 2. 

Claim 4 Said 12th group is the wide angle zoom lens of claim 1 to which it is characterized by 
both the lens side consisting of the convex positive lens and the meniscus-like positive lens 
which turned the convex to the body side by said 11th group consisting of the negative lens of 
the shape of a meniscus which turned the convex to the body side, or the rear focus type of 2. 



Detailed Description of the Invention 

0001 . ^ 

Field of the Invention Moreover, the photography field angle of the wide angle edge where 
especially this invention is used for a photographic camera, a video camera, the camera for 
broadcast, etc. about the zoom lens of a rear focus type is related with the wide angle zoom 
lens of the rear focus type of a high variable power ratio with 80 abbreviation and an extensive 
field angle by the variable power ratio 12.5, and the about 1.6 f number and the diameter ratio 
of macrostomia. 

0002 . . w ^ 
Description of the Prior Art Recently, with the formation of small lightweight of a home video 
camera etc., a remarkable advance is looked at by the miniaturization of the zoom lens for an 
image pick-up, and the force is especially directed towards shortening of a lens overall length, 
the miniaturization of a front ball diameter, and simplification of a configuration. 

0003 The zoom lens of the so-called rear focus type which is made to move lens groups other 
than the 1st group by the side of a body, and performs a focus as one means to attain these 
objects, or an inner focus type (it is called a "rear focus type" for short below.) is known. 

0004 Since the effective diameter of the 1st group becomes small compared with the zoom 
lens which is made to move the 1st group and performs a focus, and the miniaturization of the 
whole lens system becomes easy, and it becomes easy contiguity photography, especially to 
pole contiguity take a photograph the zoom lens of a rear focus type and it is generally carrying 
out by moving a further comparatively small lightweight lens group, the driving force of a lens 
group is small, and ends, and there are the features, like quick focusing is made. 

0005 As a zoom lens of such a rear focus type, in JP,62-24213,A and 3P,63-247316,A The 1st 
group of refractive power more neariy forward than a body side to order, the 2nd group of 
negative refractive power, the 3rd group of forward refractive power. And it has four lens 
groups of the 4th group of forward refractive power, the 2nd group is moved, variable power is 
performed, while moving this 4th group and amending the image surface fluctuation 
accompanying variable power, this 4th group is moved, and the focus is performed. 

0006 The 2nd group which has a variable power operation by moving an optical-axis top to 
order with the 1st group with forward refractive power, and negative refractive power from a 
body side in JP,2-39011,A, and the 3rd group which has a condensing operation with forward 
refractive power. The 1st group is indicating the single lens of negative refractive power, and 
the zoom lens using the aspheric surface which consists of single lenses of forward refractive 
power continuously with the zoom lens which consists of the 4th group which moves in an 
optical-axis top so that the image surface changed by migration of the 2nd group and migration 
of a body may be maintained at a fixed location from datum level. 

0007 The 1st group which has forward refractive power in order from a body side in 3P,3- 
180809,A, It consists of four lens groups of the 2nd group with negative refractive power, the 
3rd group with forward refractive power, and the 4th group with forward refractive power. In a 
zoom lens with which it mainly moves, and the 2nd group makes it move and amends the 
image point migration accompanying it for other one lens group at least at the time of variable 
power the 1st group from a body side in order The zoom lens which consists of two of positive 
lenses with a field strong against the body side which set and allotted the negative meniscus 
lens which turned the convex, and a certain amount of space to the body side is indicated. 
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0008- The 1st group of refractive powe' for-word ro tne. oroer frorr: a ooov side with jP,6- 
324265, A, It is constituted by the 2nci group of negative refractive power, the 3rd group of 
forward refractive power, and the 4th group of forward refractive power. In the zoom lens to 
which a focal distance is continuously changed by moving the 2nd group and the 4th group in 
accordance with an optical axis, and changing air spacing between each lens group The zoom 
lens of the four-sheet configuration of the 1st group of a positive lens, a negative lens, a 
positive lens, and a positive lens in the order from a body side is indicated. 
0009 

Problem (s) to be Solved by the Invention If a rear focus method is generally adopted In a 
zoom lens, the features, like the whole lens system is miniaturized, a focus quick again 
becomes possible, and It becomes still easier to contiguity take a photograph will be acquired 
like the above-mentioned. 

0010 However, on the other hand, the aberration fluctuation in the case of a focus becomes 
large, and the trouble that it becomes very difficult to obtain high optical-character ability 
arises, attaining the miniaturization of the whole rear-spring-supporter lens system to the 
object distance at large from an infinite distance body to a short-distance body . 

0011 Moreover, if it is going to take a big variable power ratio, attaining sufficient wide angle- 
ization, the trouble that the lens group by the side of a body will be enlarged most will arise. 

0012 The zoom lens proposed by JP,62-24213,A mentioned above, JP,2-39011,A, JP,3- 
180809,A, etc. does not necessarily serve as extensive field angle-ization rather than has an 
enough photography field angle. 

0013 Moreover, although the thing of a negative lens, a positive lens, a positive lens, and a 
positive lens is shown for the 1st group in the example, since air spacing between a negative 
lens and a positive lens is narrow, the image side principal point of the 1st group does not fully 
break the zoom lens proposed by JP,6-324265,A by the 2nd group side, but the front ball 
diameter is comparatively large. Moreover, it is not necessarily extensive field angle-ization. 

0014 A rear focus method being used for this invention, and attaining the miniaturization of the 
whole lens system, moreover, photography field angles are a diameter ratio of macrostomia, 
and a high variable power ratio in 70 degrees or more and an extensive field angle, and it aims 
at offer of the wide angle zoom lens of a small rear focus type with a short lens overall length 
with a rear spring supporter and good optical-character ability to the object distance at large 
from a rear spring supporter and an infinite distance body to / all the variable power 
range from a wide angle edge to a tele edge / a super-near body . 

0015 

Means for Solving the Problem The wide angle zoom lens of the rear focus type of this 
invention (1-1) The 2nd group of the negative refractive power which moves to order in 
connection with the 1st group of forward refractive power, and variable power from a body side. 
It has at least one lens group containing an aperture diaphragm and the lens group which 
moves in the case of a focus. This 1st group is -2.5<betal2<-0.55, when it consists of the 11th 
group of negative refractive power, and the 12th group of forward refractive power and paraxial 
lateral magnification of this 12th group at the time of an infinite distance body is set to beta 12. 
.... (1) 

It is characterized by satisfying the becoming conditions. 
0016 

Embodiment of the Invention Drawing 1 is aberration drawing of the wide angle edge 
of the numerical example 1 of this invention and drawing 3 of the lens sectional view 
of the wide angle edge of the numerical example 1 of this invention and drawing 2 
aberration drawings of the tele edge of the numerical example 1 of this invention. 

0017 Drawing 4 is aberration drawing of the wide angle edge of the numerical example 

2 of this invention and drawing 6 of the lens sectional view of the wide angle edge of 
the numerical example 2 of this invention and drawing 5 aberration drawings of the tele 
edge of the numerical example 2 of this invention. 

0018 Drawing 7 is aberration drawing of the wide angle edge of the numerical example 

3 of this invention and drawing 9 of the lens sectional view of the wide angle edge of 
the numerical example 3 of this invention and drawing 8 aberration drawings of the tele 
edge of the numerical example 3 of this invention. 

0019 Drawing 10 is aberration drawing of the wide angle edge of the numerical 
example 4 of this invention and drawing 12 of the lens sectional view of the wide 
angle edge of the numerical example 4 of this invention and drawing 11 aberration 
drawings of the tele edge of the numerical example 4 of this invention. 
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0020 Tne inside Li of arawino Is ine 1st group of fo'warz -ef-acfve pov'^e",. and consists of the 
iith group Lll of negative refractive power, and the 12tn group LIZ of forward refractive 
power. The 2nd group of refractive power negative in L2, the 3rd group of refractive power 
forward in L3, and L4 are the 4th group of negative refractive power. L5 is the 5th group of 
forward refractive power. SP is an aperture diaphragm and is stationed ahead of the 3rd group 
L3. G is glass blocks, such as a face plate and a filter, IP is the image surface. 

0021 With this operation gestalt, while moving the 2nd group to an image surface side like an 
arrow head on the occasion of the variable power from a wide angle edge to a tele edge, the 
4th group was moved having a convex locus in an image surface side, and the image surface 
fluctuation accompanying variable power is amended. 

0022 Moreover, the rear focus type which is made to move the 4th group on an optical axis, 
and performs a focus is adopted. Curvilinear 4a of the continuous line of the 4th group shown in 
this drawing and curvilinear 4b of a dotted line show the migration locus for amending the 
image surface fluctuation at the time of following on the variable power from a wide angle edge 
when carrying out the focus to the infinite distance body and the short-distance body 
respectively to a tele edge. In addition, the 1st group, the 3rd group, and the 5th group are 
immobilization in the case of variable power and a focus. 

0023 While moving the 4th group in this operation gestalt and amending image surface 
fluctuation accompanying variable power, the 4th group is moved and it is made to perform a 
focus. It is made to move so that it may have a convex locus to an image surface side on the 
occasion of the variable power from a wide angle edge to a tele edge, as shown especially in 
the curves 4a and 4b of this drawing. This aimed at the deployment of the space of the 4th 
group and the 5th group, and shortening of a lens overall length is attained effectively. 

0024 In this operation gestalt, when performing a focus from an infinite distance body to a 
short-distance body in a tele edge, it is carrying out by rounding the 4th group back, as shown 
in straight-line 4c of this drawing. 

0025 With this operation gestalt, when making a focus a short-distance body from an infinite 
distance body, the 4th negative group is rounded, and even if it forms high variable power, the 
desired variable power ratio is made to be obtained by the short distance side, as a variable 
power ratio does not become small by the short distance side to a paraxial variable power ratio 
compared with the rear focus method held by letting out the 4th group of forward refractive 
power like before by this. 

0026 From the wide angle edge, especially the 4th group is applied to a medium zoom region, 
and is moved to the image surface side. Furthermore, since the zoom lens of high variable 
power is constituted, from the wide angle edge, the 4th group is applied to a tele edge and 
moved to the image surface side by the convex locus. Since the zoom lens of high variable 
power with it will become easy if the abbreviation full round trip is carried out at this time, it is 
desirable, it is space-efficient and small 

0027 In this operation gestalt, thereby, the 2nd group makes high variable power-ization easy, 
as the lateral magnification in zooming changes on both sides of actual size (-1). 

0028 As principal point spacing of **** i group and the 2nd group becomes negative, the 
miniaturization of the whole lens system is in drawing. 

0029 Next, the reason which can make a front ball diameter small by the lens configuration of 
this operation gestalt is explained. 

0030 If extensive field angle-ization is conventionally used as a drawing wax, in the medium 
zoom location of wide angle edge approach, the incidence high of the axial outdoor daylight 
bundle to the 1st group will become high, and, as a result, the lens effective diameter of the 1st 
group will increase. It is good to constitute so that theta may be set up more shallowly 
(smallish) whenever incident angle / of the axial outdoor daylight bundle which carries 
out Incidence to a pupil (drawing) for / side / body / preventing buildup of this front 
ball diameter in the above-mentioned medium zoom location . 

0031 It is desirable to move to an image surface side, applying the 4th group L4 to a medium 
zoom region from a wide angle edge, as shown in drawing 13 for that purpose. Thus, by 
constituting, as for the focal distance which determines a front ball diameter, the 
miniaturization of approach and a lens system is attained considerably at a looking-far side. As 
for especially the exit pupil location of a lens, at this time, it is more effective than the image 
surface that it is in a plus side (image surface a bolt of cloth body side) in all zoom regions. 

0032 Thus, he is trying for an exit pupil location to be in a plus side (bolt of cloth body side) 
from the image surface in this invention. He is trying to be on the plus side at the wide angle 
edge which contributes to the decision of a front ball diameter among in all the zoom range 
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0033 Moreover, the tocstion of drawing reisred to the ministurlzstion of a front ball diameter is 
arranged near the 3rd group in a tele edge. 

0034 The location of drawing may move, as it is in this Tokihiro angle side rather than the 
location in a tele edge at a body side. According to this, it becomes effective in the 
miniaturization of a front ball diameter. 

0035 Generally, with the conventional zoom lens, since the incidence high of the axial outdoor 
daylight bundle to the 1st group has an entrance pupil in a deep place (place which extended 
far back) from the 1st group, it becomes the highest in the medium zoom location of wide angle 
edge approach, 

0036 In order to make this incidence high low in this operation gestalt, an entrance pupil, i.e., 
drawing, may be moved, and according to this, the outer diameter of the 1st group can be most 
efficiently made small. 

0037 In addition, in this operation gestalt, the simplification of drawing of a device is in 
drawing as immobilization among zooming near the 3rd group. Moreover, you are making it 
located in the body close-attendants side of the 3rd group for the miniaturization of drawing of 
a front ball diameter. 

0038 With this operation gestalt, buildup of the effective diameter of the 1st group when 
shortening the object distance which can be photoed by adopting the above rear focus types is 
prevented. 

0039 And as the conditional expression (1) which mentioned the 1st group above was satisfied, 
distance from the 1st group to an entrance pupil was shortened, and buildup of the lens outer 
diameter of the 1st group is prevented effectively. 

0040 In addition, it sets in this operation gestalt and is conditional expression (1) - 
1.0<betal2<-0.55 .... (la) 

** — it is more desirable to set up like. 

0041 Although it has amended many aberration good, this invention setting up the lens 
configuration of each lens group like the above-mentioned in consideration of the above point, 
and attaining the miniaturization of the whole lens system, it is good to satisfy at least one of 
the following terms and conditions still more preferably. 

0042 Al When Da and the lens overall length of said 1st group are set to DLl for spacing of 
said 11th group and 12th group, it is 0.25<Da/DL 1< 0.5 (2) 

It is satisfying the becoming conditions. 

0043 Conditional expression (2) is for miniaturizing a front ball diameter, attaining extensive 
field angle-ization, and if it deviates from conditional expression (2), it cannot desire sufficient 
miniaturization. 

0044 A2 Said 11th group consists of the negative lens of the shape of a meniscus which turned 
the convex to the body side, and both the lens side of said 12th group is that a convex positive 
lens and both the convex lens side consist of the convex positive lens. 

0045 A3 Said 11th group consists of the negative lens of the shape of a meniscus which turned 
the convex to the body side, and said 12th group is that both the lens side consists of the 
convex positive lens and the positive lens of the shape of a meniscus which turned the convex 
to the body side. 

0046 When the focal distance of the i-th group of A4 is set to fi, it is 0.2<f2/f4<0.6 (3) 

It is good to satisfy the becoming conditions. 

0047 This formula gives the optimal power arrangement of the migration lens group 
accompanying variable power. If a upper limit is exceeded, in order to obtain a desired variable 
power ratio, the movement magnitude of the 2nd group becomes large, and a front ball 
diameter and the whole system enlarge and are not suitable. Moreover, since the movement 
magnitude of the 4th group which is a focal lens group will become large and the whole lens 
system will be enlarged while amending the image surface which changes in connection with 
variable power if a lower limit is exceeded, it is not good. 

0048 Moreover, conditional expression (3) is a formula required in order to give the proper 
movement magnitude of a migration lens group. It is required in order which especially the 
4th group applies to a tele edge from a wide angle edge, and especially moves to an 
image surface side by the convex locus, and carries out an abbreviation full round trip 

to specifically limit the proper movement magnitude of the 2nd group for variable power and to 
move the 4th group efficiently. 

0049 When a scale factor in / for the focal distance of the wide angle edge of A5 whole 
system and a tele edge / fW, fT, and the wide angle edge and tele edge of the 2nd 
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group is resDectlvely set lo oetalW and betcIT and it sers wirh Z=1T/fV¥Z2 = beta2 T/oete 2W. 

\z Is 0.4<Z2 / Z< 1.3 (4) 

It is desirable that it is satisfied. 

0050 This formula (4) shows the rate of the variable power of the 2nd group to the whole 
variable power. If this upper limit is exceeded, some group of a lens system causes will **** 
and / variable power effectiveness enlargement bad and is not suitable among zooming. 
Moreover, if a lower limit is exceeded, there will be two or more lens groups which contribute to 
variable power, and each control will become difficult. 

0051 It is 0052 when the focal distance of fW, ff, and the 2nd group is set to f2 for the focal 
distance of the wide angle edge of A6 whole system, and a tele edge. 

Equation 1 



It is good to be satisfied. 

0053 This formula is a formula about the power of the 2nd group which is a main variable 
power lens group. High variable power-ization can be effectively attained by choosing this range 
suitably. It becomes if the lower limit of a top type is specifically exceeded, tlie power 
of the 2nd group will become strong too much, the PETTSU bar sum becomes large 
negative, and / the image surface not only serves as excess (amendment is 
superfluous), but / since sensitivity becomes high and a focus gap and an image 
shake become easy to take place / a device configuration complicated and is not 
suitable. 

0054 Moreover, if a upper limit is obtained, the power of the 2nd group becomes weak, the 
movement magnitude of the 2nd group benefits achievement of a desired variable power ratio 
large, and it enlarges and is not suitable. As for conditional expression (5), for ******-izing, it 
is desirable that close is in the following conditions further. 

0055 

Equation 2 - 



When the focal distance of fi and the wide angle edge of the whole system is set to fW for the 

focal distance of the A7 i-th group, it is 3<f3/fW<5 (6) 

3<|f4/fW|<8 .... (7) 

3<f5/fW<5 .... (8) 

It is good to be satisfied. 

0056 Above formula (6) - (8) is a formula about the power of each lens group allotted to the 
image surface side from drawing. Each range is conditions for the oblique light bundle by the 
side of a body to carry out incidence to a pupil at a shallow include angle, and make which set 
up the exit pupil location of this zoom lens so that it might not become short too 
much, and mentioned it above further it contribute to the miniaturization of a front ball 
diameter like. 

0057 if the above-mentioned oblique light bundle will cause buildup of a front ball diameter, 
without the ability setting it as a shallow include angle if both upper limits are exceeded, and a 
lower limit is exceeded — an exit pupil's plus side — short — becoming — passing — a solid 
state image pickup device ~ receiving — a tele cent — it becomes cannot secure the 
rucksack flux of light and / aberration fluctuation large to a zoom and a focus and is not 
suitable. If close is in this range, a miniaturization can be attained so that it may not become 
big migration to distance doubling (focusing). Thus, since a front ball diameter is enlarged, the 
whole system is also enlarged and it becomes impossible to set up whenever suitable angle- 
of-emergence to an image sensor further when it deviates from the range of conditional- 
expression (6) - (8), it is not good. 

0058 When the focal distance of the AS i-th group is set to fi, it is -1.8<f4/f5<-0.8 (9) 

It is good to be satisfied. 

0059 It becomes the refractive power of the 4th group becomes strong and / distance 
fluctuation of focusing large and is not suitable if this conditional expression (8) is exceeded. 
Moreover, it becomes the movement magnitude of focusing becomes large, enlarge, the 
refractive power of the 5th group which it is not not only suitable, but is the image 
formation lens of immobilization becomes strong, and / an exit pupil short and is not 
suitable if a lower limit is exceeded. 

0060 When spacing of D23W, D23W, the 4th group, and the 5th group is set to D45W for 
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angle edge, it is i.5<D23 W/D45W<3 (10) 

It is good to satisfy the becoming conditions. 

0061 In the case of the zoom lens which takes the rear focus method in this operation gestalt, 
the movement magnitude of the focusing glass of the short distance of a tele edge surely 
becomes large. As especially the scale factor of a zoom lens becomes large, both the movement 
magnitude of image surface location amendment of the 4th group and the movement 
magnitude for a focus become larger. 

0062 Then, he is trying to satisfy conditional expression (10). Especially D23W are an amount 
which contributes to the movable range of the 2nd group which is the main variable power lens 
group. Moreover, D45W are an amount about the movement magnitude of image surface 
location amendment of the 4th group, and the movement magnitude for a focus. If close is in 
this, offer of a proper zoom scale factor and proper point-blank range will become easy. If it 
deviates from a upper limit, it will become difficult to secure of the 4th group especially the 
movement magnitude for a focus. Moreover, if a lower limit is exceeded, it will become difficult 
to secure the movement magnitude of the 2nd group for securing a desired zoom ratio. 

0063 D23W in this case — the 2nd group — most — the field by the side of the image surface, 
and the 3rd group — most — the field by the side of a body ~ it is spacing. 

0064 In order to secure the movement magnitude of image surface location amendment of the 
4th group, and the movement magnitude for a focus proper especially, it is desirable to fill the 
following formulas. 

0065 

0.4<|D45/f4|<1.0 .... (11) 

If it deviates from this range, movement magnitude of the request for a focus will not be able 
to be secured, but point-blank range will become in the distance. 

0066 although it is as having mentioned above that the amount of focuses in the point-blank 
range of arbitration is as large as especially a tele edge — especially — the high twice of 10 
times or more — in the case of the zoom lens of-izing, it is desirable that it Is in the following 
range further. 
0067 

0.5<|D45/f4|<0.85 .... (11a) 

It is I betas I <0. 2 when setting the image formation scale factor of the AlO 5th group to beta 5. 
.... (12) 

It is good to be satisfied. 

0068 Conditional expression (12) is for securing the back focus of a zoom lens proper, setting 
up the exit pupil of a zoom lens suitably. It becomes a back focus becomes large and / a 
zoom lens not only becomes large, but / an exit pupil short and is not suitable if it 

deviates from this conditional expression (12). 

0069 It is 0070 when setting respectively the focal distance of f5, the wide angle edge of the 
whole system, and a tele edge to fW and fT for the focal distance of the All 5th group. 
Equation 3 



It is good to satisfy the becoming conditions. 

0071 Conditional expression (13) is for setting up appropriately the refractive power of the 5th 
group which is the last image formation lens, and making it good aberration to the focal 
distance of the whole system, and securing a back focus suitably. 

0072 Since a back focus will become long and will be enlarged if a upper limit is exceeded, it is 
not suitable. Moreover, if a lower limit is exceeded, the refractive power of the 5th group 
becomes strong, and especially especially spherical aberration or comatic aberration generate 
and are not suitable in a medium zoom region, moreover, a tele cent — it becomes rucksack 
relation collapses and / an exit pupil short and is not suitable. 

0073 When the focal distance of the A12 i-th group is set to fi, it is 3< |fl/f2|<7 (14) 

It is good to satisfy the becoming conditions. 

0074 It is for amending the PETTSU bar sum, conditional expression (14) setting up 
appropriately the refractive power of the 2nd group which is the main variable power lens 
group, and obtaining a proper variable power ratio. 

0075 Especially when setting up the large thing of a looking-far ratio, it is surely necessary to 
enlarge refractive power of the 2nd group. A negative lens group needs to set to each lens 
group which constitutes the zoom lens of this invention proper 2 ****** sake. That it is in 
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constituting the zoom lens of lO times or more in the range of top rx-pe nlgr; DO-j:«;inc, 
although the good PETTSU bar sum is secured, it is desirable. 

0076 if especially the lower limit of conditional expression (14) is exceeded - the high twice of 
10 times or more ~ it is necessary to take the large movement magnitude of the 2nd group for- 
izing, and enlargement and a front ball diameter become large. Moreover, if a upper limit is 
exceeded, the PETTSU bar sum becomes large with a negative value, and the image surface 
falls and is not greatly suitable for a plus side. 

0077 Setting especially in this operation gestalt, conditional expression (14) is 4<|fl/f2|<5.5 
preferably (14a) 

** — it is good to set up like. 

0078 In order to suppress generating of A13 spherical aberration, it is good to use the 
aspheric surface for the 3rd group, the 4th group, or the 5th group. There is an inclination for 
spherical aberration to become excess (for amendment to be superfluous) in the zoom lens type 
of this operation gestalt in the zoom mid-position especially. It is good for refractive power 
forward in the circumference to become weak for this reason, or to use the aspheric surface 
where negative refractive power becomes weak. 

0079 Moreover, a plastic lens is sufficient as especially these aspheric surfaces. Moreover, also 
in other lenses, you may constitute from plastics. 

0080 It is 2<BfW/fW<4 when the focal distance in BfW and the wide angle edge of the whole 
system is set to fW for the back focus at the time of the infinite distance body in A14 wide- 
angle edge (except for the glass block G prepared in from the last lens side before the image 
surface) (15) 

It is good to satisfy the becoming conditions. 

0081 Conditional expression (15) is a formula required to miniaturize the whole system 
effectively, and if it exceeds a lower limit, it not only becomes impossible to put in the block of 
a filter etc., but it becomes shorter an exit pupil , and the image formation to an Image sensor 
will shift from telecentric system, and it is unsuitable. Moreover, it enlarges and is unsuitable if 
a upper limit is exceeded. 

0082 A member or VAP (BARIAN guru prism), such as a parallel plate, etc. may be put in 
between the negative lens section of the A15 1st group, and the positive lens section. 
According to this, image Bure when a zoom lens vibrates can be amended good. 

0083 Next, the numerical example of this invention is shown, a numerical example - setting ~ 
Ri - a body side - order - the i-th lens thickness and air spacing, nickel, and nui are the 
radius of curvatures of the i-th lens side, and Di is the refractive index and the Abbe number of 
glass of the i-th lens in order from an each body side in a body side. 

0084 The two last lens sides in a numerical example are a face plate, a filter, and a glass block. 
The relation between a monograph affair type and many numeric values in a numerical example 
is shown In a table -1. 
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0090 

Effect of the Invention Moreover, a photography field angie with 70 degrees or more and an 
extensive field angle, adopting a rear focus method and attaining the miniaturization of the 
whole lens system by setting up each element, as mentioned above, according to this invention, 
by the diameter ratio of macrostomia, and the high variable power ratio The wide angle zoom 
lens of a small rear focus type with a short lens overall length with a rear spring supporter and 
good optical-character ability can be attained to the object distance at large from a rear 
spring supporter and an infinite distance body to / all the variable power range from 
a wide angle edge to a tele edge / a super-near body . 



Brief Description of the Drawings 

Drawing 1 The lens sectional view of the wide angle edge of the numerical example 1 of this 
invention 

Drawing 2 Aberration drawing of the wide angle edge of the numerical example 1 of this 
invention 

Drawing 3 Aberration drawing of the tele edge of the numerical example 1 of this invention 
Drawing 4 The lens sectional view of the wide angle edge of the numerical example 2 of this 
invention 

Drawing 5 Aberration drawing of the wide angle edge of the numerical example 2 of this 
invention 
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Drawmg 6 Aberration brewing of the teie edge of tne numerica; £>3mpie 2 of zhis invention 
Drawing 7 The lens sectional view of the wide angle edge of the nunnerical example 3 of this 
invention 

Drawing 8 Aberration drawing of the wide angle edge of the nunnerical example 3 of this 
invention 

Drawing 9 Aberration drawing of the tele edge of the numerical example 3 of this invention 
Drawing 10 The lens sectional view of the wide angle edge of the numerical example 4 of this 
invention 

Drawing 11 Aberration drawing of the wide angle edge of the numerical example 4 of this 
invention 

Drawing 12 Aberration drawing of the tele edge of the numerical example 4 of this invention 

Drawing 13 The explanatory view of paraxial refractive-power arrangement of the zoom lens 

concerning this invention 

Description of Notations 

LI The 1st group 

L2 The 2nd group 

L3 The 3rd group 

L4 The 4th group 

L5 The 5th group 

Lll The 11th group 

L12The 12th group 

SP Drawing 

IP Image surface 

d d line 

g g line 

deltas Sagittal image surface 
deltaM Meridional image surface 



Drawing 1 




Drawing 2 
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Drawing 4 
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Drawing 5 
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Drawing 6 
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Drawing 7 
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Drawing 8 




Drawing 9 




Drawing 10 
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Drawing 11 




Drawing 12 




Drawing 13 
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This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the apphcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 
REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 




